The present study was carried out to evaluate the current status of contaminants and their sources in groundwater samples collected from Lahore and Sialkot. A total of 93 samples were collected from different localities of Lahore and Sialkot and analyzed for the determination of various physicochemical parameters. The results of the study revealed that mean fluoride and chloride contents of water samples from Lahore were higher than the values recommended by Pak-EPA and WHO whereas the mean nitrate and sulphate levels of these samples were well within the limits. The order observed for these physicochemical parameters from Lahore was Cl − > alkalinity > SO 4 −2 > NO 3 − > F − . All the observed physicochemical parameters for water samples from Sialkot were found to be greater than those of Lahore, due to a more intensive industrial activity in Sialkot. The correlation study revealed the strongest correlation among conductance and alkalinity in samples from both cities. Fluoride and sulphate were found to be positively correlated in samples from Lahore and negatively correlated in samples from Sialkot. Multivariate analysis in terms of principle component analysis and cluster analysis furnished information about the sources of various parameters in groundwater samples.
Introduction
The dynamic balance in the aquatic ecosystem is upset by human activities thereby resulting in its pollution which is manifested dramatically as fish kill, offensive odor, color, and taste, and unchecked aquatic weeds. Fresh, clean water has thus become a scarce commodity. The quality of groundwater depends on various chemical constituents and their concentrations, which are mostly derived from the geological data of the particular region but industrial and municipal wastes also contribute significantly towards it. In fact, high rate of exploration, inappropriate dumping of solid and liquid wastes, and lack of strict enforcement of law have caused the deterioration of groundwater quality [1] [2] [3] [4] [5] [6] .
In Pakistan, the major sources of drinking water are groundwater and surface water from rivers, lakes, and reservoirs. The indiscriminate disposal of agricultural, industrial, and domestic wastewater into these natural water bodies has caused their serious contamination that has been shown to be associated with deterioration of human health [7] [8] [9] [10] [11] . In Lahore and Sialkot, the only source of drinking water available to the public at large is only groundwater, and that too has been contaminated by various anthropogenic activities.
Among the physico-chemical parameters, fluoride is one of the important chemical parameters whose monitoring is of great concern because its compounds are nonbiodegradable and are accumulative. Naturally, fluoride is present virtually in all water sources but does not usually exceed 10 mg/L [12] . Mostly, industrial waste discharges are responsible for this high fluoride contamination of water resources [13] . The other sources of fluoride include foods and beverages produced in areas with fluoridated water, dentifrices, fluoride containing mouth rinses, dental treatment products, and dietary supplements [14] . The public at large may also be exposed to fluoride from some pesticide residues and pharmaceuticals [15] .
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Groundwater of many areas of the world has been found to be affected by enhanced fluoride levels [16] [17] [18] [19] [20] [21] . No matter how little is being added to drinking water, fluoride will accumulate in the bones, teeth, environment, and food chain. Enhanced fluoride levels in the body may result in collagen breakdown, eczema, tissue damage, skin wrinkling, genetic damage, and immune suppression. High fluoride levels change the enzymes thereby leading to the damage of digestive system, respiratory system, blood circulation, kidney function, liver function, brain function, and thyroid function. The major health problems associated with fluoride are dental fluorosis [22] . In certain areas in Punjab the excess fluoride concentrations have also been linked with bone deformations [23] . Thus fluoride determination is also necessary for assessing the need of a specific water treatment and to determine the efficacy of a particular treatment plan [24] .
In addition to fluoride, the determination of other physico-chemical parameters such as pH, electrical conductivity, chloride, and alkalinity has established role in evaluating the quality of drinking water. That is why these parameters have also been duly focused on [7, [25] [26] [27] .
On overall, the quality of drinking water may cast hazardous effects on the health of human beings and this quality is monitored in terms of various parameters like pH, conductivity, alkalinity, and presence of other anions like F − , Cl − , and NO 3 − . All these parameters must be within safe limits set by health departments; otherwise their presence at enhanced levels will be quite harmful to humans. The objective of present study was therefore to determine the quality of drinking water in terms of these physico-chemical parameters from various residential localities of two big cities of Pakistan, that is, Lahore and Sialkot, that have a long standing tradition of extensive industrial activity. By determining water quality and the effect of different water purification systems on the fluoride content of drinking water, the efficacy of these water purification systems in reducing the fluoride and other anion content can be compared and many diseases may be avoided which are caused by imbalance of these ions in our drinking water.
Experimental Methodology
The present study was designed to evaluate the contents of fluoride and other anions in the groundwater samples of various localities of Lahore and Sialkot, Pakistan.
Sampling.
For the present investigation 500 mL of groundwater samples was collected from different localities of Lahore and Sialkot in screw capped high density polyethylene bottles in accordance with prescribed sampling procedure during the months of April and May 2011 [28, 29] . Before the collection of samples, the tap water was allowed to flow continuously for three to four minutes to avoid any retained water in the pipes. Moreover, the sample bottles were rinsed twice with the sample water to avoid any impurity from exogenous source. The sample bottles were labeled properly and immediately transferred to laboratory where they were stored at 4
∘ C prior to analysis to avoid any decomposition of sample.
Some of the physico-chemical parameters like pH and electrical conductivity (EC) were monitored in situ. All the samples were treated as such for the determination of various physico-chemical parameters; that is, no preservatives or stabilizers were added. All the glassware used during the study was of high quality, acid resistant borosilicate glass. For delivering less than one mL volume of samples or solutions, pipettes of capacity 1.0 mL were used. The reagents used for the quantification had complete control over their purity and quality, and thus they were having a certified purity of 99.99%. The pH and electrical conductivities of all water samples were measured by using a portable, dual powered, precalibrated WTW, inolab-720 pH meter and conductivity meter, respectively. After each measurement, their electrodes were washed with distilled water and cleaned with a piece of tissue paper. Before the measurement the pH meter was calibrated by using the buffers of pH 4, 7, and 10. The conductivity meter was calibrated by using standard KCl solution with a reported conductivity of 1413 S/cm at 25 ∘ C. Alkalinity of the water samples was determined by titrating a measured volume of water sample with standard H 2 SO 4 . In cases where the pH of the sample was greater than 8.3, a two-stage titration process yielding phenolphthalein alkalinity and total alkalinity was carried out in accordance with the procedure. a 25 mL portion of water sample was measured and electrometrically monitored by using a pH meter. Subsequently, 0.05 M H 2 SO 4 solution was added with a burette dropwise and the volume of acid required to reach pH 8.3 (phenolphthalein alkalinity) and pH 4.5 (total alkalinity) was recorded [30] . The chloride content of the water samples was determined by using gravimetric; method whereby AgNO 3 was allowed to react with chloride anions in the sample solution, and Cl − was precipitated as AgCl [31] . Spectrophotometric method was used for the determination of sulphate where the sulphate ions present in water samples reacted with barium chloride. For this purpose 10.0 mL of sample was stirred for five minutes with NaClHCl and glycerol-alcohol solutions, along with approximately 0.03 g of barium chloride. Immediately, after stirring, the solution was poured into a quartz cell with an optical path of 1 cm and the absorbance was measured at 420 nm on a UV spectrophotometer. A series of calibration standards between concentration range of 0.5 and 5 mg SO 4 −2 /L were prepared and used for drawing calibration curve. Their absorbance was measured at 420 nm in the same way as samples [30] .
Description of Sampling
Nitrate present in the groundwater samples was determined by using the sodium salicylic acid method. Here a 10.0 mL portion of water samples was evaporated with 1.0 mL of sodium salicylate and cooled to room temperature. Subsequently 1.0 mL concentrated H 2 SO 4 was added to dehumidify the entire residue and allowed to stand for 10 minutes. It was then quantitatively transferred to a 50 mL volumetric flask; 7 mL NaOH was added and the volume was adjusted to 50 mL with distilled water. After 10 minutes, the absorbance was measured at 410 nm against the blank prepared in the same way. Calibration curve was constructed by using the standard KNO 3 solutions in the concentration range of 2-20 mg/L [32] .
Fluoride, present in drinking water, was also determined by spectrophotometric method. For this purpose, a 15.0 mL portion of drinking water samples was added to 1.0 mL of 8 N H 2 SO 4 , 4 mL of 0.0045 M ammonium molybdate, 3 mL of 0.1816 M hydroquinone, and 4.5 mL of 0.065 M disodium hydrogen phosphate. A blue coloration was thus developed. The solutions were then left at room temperature for about 30 minutes. Subsequently, 1.0 mL portion of the solution was taken and diluted up to 10 mL with corresponding water sample and the absorbance was measured at 715 nm. Calibration curves were then drawn by using the standard fluoride solutions of concentrations of 0.5-7.0 mg/L and the concentration of fluoride in water samples was determined [33] .
Statistical Data Treatment.
The data obtained from physico-chemical parameters, in the groundwater samples, were cast into tables and figures and was also processed for the evaluation of various statistical parameters, like mean, median, mode, standard deviation, and so forth, that are used to measure the distribution and central tendency of the measured data set. Box diagram furnished a clear depiction of the data distribution. Correlation coefficient matrix was determined to know about the interrelationship among the various measured parameters. Multivariate statistical analysis was also carried out in terms of factor analysis and cluster analysis to trace the sources of various parameters in the water samples.
Results and Discussion
The monitoring of quality of groundwater is important to maintain the human health. The water samples were collected from different localities of the two megacities of Asia, that is, Lahore and Sialkot. On overall basis, fifty-three samples were collected from different locations of Lahore and forty samples were collected from Sialkot ( Figure 1 ) and analyzed for the determination of fluoride and various other physicochemical parameters. Figure 2 . The figure depicted that pH of most of the groundwater samples from Lahore was slightly alkaline and well within the limits set by Pak-EPA and WHO, while only few samples exhibited an acidic pH. A similar situation was observed in case of samples from Sialkot. Here minimum pH value recorded was 6.73, while the highest one was 8.28. Only two of the samples, that is, from Sambrial and Daska, were observed to exhibit the pH below the limits set by PAK-EPA. It has been reported that low water pH values may lead to the corrosion problems in water carrying systems while pH values higher than recommended ones may hamper the water disinfection through the difficulties in chlorination [34] . Thus the maintenance of appropriate water pH is quite essential.
Distribution of Physicochemical Parameters among the Groundwater Samples. The distribution of various physicochemical parameters among various groundwater samples of Lahore and Sialkot is presented in
The permissible limits for electrical conductivity of groundwater samples set by WHO are 600 S/cm. For the samples collected from Lahore, the highest conductivity values observed were 1353 S/cm, while the conductivity values of the samples from Sialkot ranged from 253 to 1217 S/cm. Only three of the groundwater samples from Sialkot exhibited much elevated conductivity values. Although the EC of groundwater samples from Lahore and Sialkot was found to be greater than permissible limits, it was not greater than 3000 S/cm-the highest limit of EC for groundwater samples beyond which the germination of almost all seeds would be affected and thus high reduction in crop yields would result [35] .
The desirable alkalinity limit for groundwater is 200 mg/L whereas the permissible limit has been set at 600 mg/L by WHO. The alkalinity of groundwater samples from Lahore ranged between 100 and 400 mg/L while slightly higher alkalinity values were observed for samples collected from Sialkot. The chloride levels of most of the localities of Lahore and Sialkot were found to be more enhanced than the permissible levels of 200 mg/L set by Pak-EPA and WHO. This is perhaps due to the reason that water is disinfected abundantly by the process of chlorination.
The nitrate and sulphate levels of the water samples are also quite important parameters for determining the quality of water. Both of these parameters were observed to be well Lahore. Sialkot on the other hand witnessed the highest fluoride level of 4.6 mg/L. Many of the localities of Lahore and Sialkot exhibited fluoride levels that are much enhanced than Pak-EPA or WHO (Figure 2 ).
Basic Statistics for Physicochemical Parameters of Groundwater Samples.
The data corresponding to the basic statistics for the fluoride and other physico-chemical parameters of the groundwater samples from Lahore and Sialkot is presented in Table 1 , in terms of minimum, maximum, mean, median, mode, S.D., and S.E. The symmetry parameters for the data, that is, skewness and kertosis, are also enlisted in the table.
The pH of the samples from Lahore was recorded to be in the range of 5.9 to 8.4 with a mean value standing at 7.8. Similarly, the pH values of the samples from Sialkot were found to range from 6.2 to 8.3 with the mean value standing at 7.3. The mean conductivity values of Lahore samples were found to be 604.5 S/cm, while that of Sialkot was found to be 754.5 S/cm, a much higher value than the previous case.
The maximum alkalinity values recorded for the samples from Lahore were 400 mg/L. The mean values for alkalinity of Sialkot samples was reported to be 279.1 mg/L with standard deviation values of 78.20. The mean fluoride content of groundwater samples from Lahore was 2.603 mg/L. The chloride content of these samples was quite high ranging from 20.99 mg/L to 1105 mg/L with its mean value of 494.4 mg/L. The mean nitrate and sulphate levels of these samples were found to be 8.121 mg/L and 31.41 mg/L, respectively. So the order of mean levels of various physico-chemical parameters was found to be Cl
The fluoride content of the samples from Sialkot was found to range from 1.75 to 4.6 mg/L with a mean value of 2.819 mg/L. The data showed that even minimum recorded values surpassed the limits set by WHO or Pak-EPA. Thus the whole studied Sialkot area was declared to be the floride area by the authors. The geology of the soil through which the water circulates along with the climate of Sialkot may contribute towards natural sources of F − in its groundwater [36] . Moreover, the use of phosphatic fertilizers for agriculture and sewage and industrial waste may also lead to high F − levels in groundwater [37] . Literature has evidenced that presence of large amounts of fluoride (>1.5 mg/L) in groundwater may cause dental and skeletal fluorosis [38, 39] .
The chloride content of groundwater from Sialkot was recorded to possess the highest value, that is, 1425 mg/L, among the measured parameters. Its mean values were found to stand at 804.7 mg/L. Nitrate in groundwater samples from Sialkot exhibited the levels in the range of 2 to 13.30 mg/L with mean value of 8.127 mg/L while the sulphate levels were found to be present with mean values of 21.73 mg/L. In groundwater nitrate may result from agrochemicals, live stock facilities, and sewage disposal [40, 41] . Excessive concentration of nitrate in the water is a big threat to the public health [42] . These have been shown to cause methemoglobinemia [43] , while higher sulphate levels may become the cause of intestinal disorders [44] . The distribution of various parameters is also depicted in terms of box plots shown in Figure 3 and matrix plots (Figure 4 ).
Correlation Coefficient Matrix for Physicochemical Parameters of Groundwater Samples.
In order to trace the relationship among the various physico-chemical parameters, the correlation coefficient matrix was evaluated and presented in Table 2 . The values were found to be significant at 0.229 for Lahore samples and at 0.265 for samples from Sialkot ( > 0.05). The strongest correlation was observed between conductance and alkalinity evidencing that in 66.1% of cases the conductance values went hand in hand with alkalinity values. Another significant correlation was observed between fluoride and sulphate with an -value of 0.395. Fluoride was also found to be significantly correlated with conductance with an -value of 0.352. The rest of the correlations observed were naïve. TSS was found to be significantly positively correlated with electrical conductivity, alkalinity, and fluoride content.
The correlation coefficient matrix for the groundwater samples from Sialkot evidenced strongest positive correlation between fluoride and nitrates with values of 0.520. Alkalinity and conductance here were also found to be correlated significantly with values of 0.422. Some of Journal of Chemistry Table 2 : Correlation coefficient matrix for the drinking water samples from Lahore and Sialkot. 
Multivariate Statistical Analysis of Physicochemical Data.
The sources of various physicochemical parameters in various water samples were traced in terms of multivariate analyses, that is, factor loading and cluster analysis. Varimax normalized factor loading for fifty-three samples from Lahore yielded four rotated factors (Table 3) . Factor 1 with a % total variance of 34.99 received major contribution from conductivity and alkalinity. A 21.51% total variance was associated with factor 2. Among the major contributors of this factor fluoride and sulphate were included. pH and chloride were present as major contributors of factor 3 that enjoyed a cumulative % variance of 67.78. Thus factor analysis attributed similar sources to F − and sulphates. The sources of these ions were traced in the soil formation as well as the history of industrial activity.
In groundwater different concentrations of fluoride may be present [45] [46] [47] [48] . The percolation of phosphatic fertilizers from agricultural runoff from nearby lands and discharge of domestic waste or the waste from surrounding industries increase the fluoride value [49] . Similarly, agricultural and industrial activities are sources of high sulphate in groundwater from Lahore. Since chloride and nitrates were present in different factors, their sources were different. The source of chloride was traced in chlorination process used for disinfection of drinking water sources. Chloride in natural water result from agricultural activities, industries and chloride rich rocks. High concentration of chloride is also due to invasion of domestic waste and disposal by human activities [49] . In drinking water high chloride contents may lead to laxative effects [50] . The groundwater contamination by nitrates results from the leaching of nitrate present on the surface of percolating soil [51] . In case of Sialkot, two rotated factors were obtained with a cumulative percentage of 49.34 and a cumulative eigenvalue of 3.947. Factor 1 accounting for an eigenvalue of 2.386 received major contribution from F − in addition to conductance. Factor 2 received major contribution from chloride and TSS with eigenvalue of 1.561. Nitrate was also the major contributor of factor 2. High nitrate content is an indicator of organic pollution. It results from the added nitrogenous fertilizers, decay of dead plants and animals and animal feces, and so forth. They all oxidize to nitrate by natural process, and hence nitrogen is present in the form of nitrates. The increase in one or all the above factors may be responsible for the increase of the nitrate content [52] . Low nitrate contents are due to lesser use of nitrogenous fertilizers and less disposal of waste around the studied area [53] .
The cluster analysis of the data for the physico-chemical parameters of groundwater samples is presented in Figure 5 . Single linkage method was used for the extraction of clusters that were depicted as a function of linkage distance. For samples from Lahore, the most significant primary cluster was formed by conductance and alkalinity within a linkage distance of 0.4. Another primary cluster was formed between F − and sulphate within a linkage distance of 0.6, thereby supporting the data of factor analysis where both parameters were major contributors of a single factor. These two primary clusters were linked together to form a secondary cluster within linkage distance of 0.7. Third primary cluster was constituted between pH and chloride, but the linkage distance for the formation of this cluster was 0.9 that was quite nonsignificant. Nitrate here exhibited an isolated role. In the case of groundwater samples collected from Sialkot the most significant cluster was formed between nitrate and fluoride within a linkage distance of 0.5. This cluster was associated with a secondary cluster formed by all other parameters. Within this secondary cluster the closest linkage was observed between conductivity and alkalinity. The cluster tree depicted that fluoride in water samples was sharing the same origin as that of nitrate.
A comparison of mean physico-chemical parameters of the groundwater samples collected from two cities with the PAK-EPA and WHO standards is depicted in Table 4 . The mean pH values observed for Lahore and Sialkot were 7.8 and 7.4, respectively, that were well within the limits of Pak-EPA and WHO. The conductivity values for samples from Lahore slightly surpassed the limits, while the EC values from Sialkot were much enhanced than permissible limits evidencing a high content of dissolved salts in the respective water samples. The mean alkalinity values of the two cities were well within the limits. The mean F − and chloride concentration in groundwater samples from Lahore were much lower than those from Sialkot, but the levels of both anions present in Lahore and Sialkot were much elevated than limits set by Pak-EPA or WHO. The nitrate and sulfate levels from both cities were well within the limits.
Conclusion
The results of the present study demonstrated that some of the areas exhibited slightly high pH, EC, and TSS values, while a high contamination of the groundwater of both megacities was recorded with F − and Cl − . The high degree of contamination is the outcome of high industrial and agricultural activities in their vicinity. Thus all the above results confirmed that groundwater quality of the two cities is not up to the mark and is slowly degrading and in near future the groundwater resource will become completely polluted and unfit for portability and other purposes if appropriate strategies are not adopted. It is therefore high time to preserve and protect the valuable groundwater resources from devastation. For this purpose various management strategies may be adopted and most of all an awareness needs to be created among the public at large. Moreover, a continuous monitoring of groundwater resources and cautious fluoridation is needed to maintain the quality of drinking water.
